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(57) ABSTRACT

An exposure apparatus comprises a first detector detecting
substrate-side marks via an original-side mark and a projec-
tion optical system; second detectors arranged in a larger
number than the first detector and detecting the substrate-side
marks not via the projection optical system; a reference plate
having reference marks; and a control unit configured to
obtain a first detection result of the plurality of reference
marks by the second detectors, obtain first information relat-
ing to a first distance between the plurality of second detectors
based on the first detection result, obtain a second detection
result of the identical substrate-side mark by the first detector
and the second detectors, obtain second information relating
to a second distance between the first detector and the second
detectors based on the second detection result, and control the
alignment of the original and the substrate based on the first
information and the second information.

11 Claims, 3 Drawing Sheets
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FIG. 3
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EXPOSURE APPARATUS AND METHOD FOR
MANUFACTURING ARTICLE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an exposure apparatus and
a method for manufacturing an article.

2. Description of the Related Art

An exposure apparatus that transfers a pattern of an origi-
nal such as a mask onto a substrate such as a glass plate and a
wafer to which a resist is applied has been used for manufac-
turing a flat panel, for example, a liquid crystal panel and an
organic EL panel, and a semiconductor device. In such expo-
sure apparatus, positioning the pattern of the original in a shot
area on the substrate with high accuracy is important. At the
same time, improving throughput (productivity) is also
expected to the exposure apparatus.

As a method for improving throughput, for example, there
is a method in which only a portion of the marks (alignment
marks) have been measured (reduce the number of the marks
to be measured), not measuring all of the marks on the sub-
strate, in the alignment (positioning) of the original and sub-
strate. Japanese Patent No. 5006761 discloses a method in
which only a portion of the marks in the shot area are mea-
sured and a correction amount in the shot area is predicted
based on a shot area in another substrate for which all of the
marks have been measured.

However, there is a high probability that the method dis-
closed in Japanese Patent No. 5006761 will cause an error in
the correction amount of the shot area due to the reduced
number of the marks to be measured in a case where the
substrate is randomly deformed.

SUMMARY OF THE INVENTION

The present invention provides, for example, an exposure
apparatus advantageous in terms of improving alignment
accuracy and throughput.

According to an aspect of the present invention, an expo-
sure apparatus for transferring an image of a pattern formed
on an original onto a substrate via a projection optical system
is provided, the exposure apparatus comprising: a first detec-
tor that detects at least one of substrate-side marks formed on
the substrate via an original-side mark formed on the original
and the projection optical system; a plurality of second detec-
tors that are arranged in a larger number than the first detector,
and respectively detect the substrate-side marks not via the
projection optical system; a reference plate thathas a plurality
of reference marks; and a control unit configured to control
alignment of the original and the substrate, wherein the con-
trol unit is configured to obtain a first detection result of the
plurality of reference marks by the second detectors and to
obtain first information relating to a first distance between the
plurality of second detectors based on the first detection
result, the control unit is configured to obtain a second detec-
tion result of the identical substrate-side mark by the first
detector and the second detectors and to obtain second infor-
mation relating to a second distance between the first detector
and the second detectors based on the second detection result,
and the control unit is configured to control the alignment of
the original and the substrate based on the first information
and the second information.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments (with reference to the attached drawings).
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2
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a configuration of an exposure apparatus
according to one embodiment of the present invention.

FIG. 2A illustrates an arrangement of marks on a substrate
in one embodiment.

FIG. 2B illustrate an arrangement of marks on an original
in one embodiment

FIG. 2C illustrates an arrangement of alignment scopes in
one embodiment.

FIG. 2D illustrates an arrangement of off-axis scopes in
one embodiment.

FIG. 2E illustrates an arrangement of reference marks in
one embodiment.

FIG. 3 is a flowchart illustrating a flow of alignment in one
embodiment.

DESCRIPTION OF THE EMBODIMENTS

Hereinafter, preferred embodiments of the present inven-
tion will be described with reference to the drawings.

Firstly, a description will be given of a configuration of an
exposure apparatus according to one embodiment of the
present invention. FIG. 1 is a schematic diagram illustrating a
configuration of an exposure apparatus 100 according to the
present embodiment. The exposure apparatus 100 isused as a
lithography apparatus in, for example, a manufacturing pro-
cess of a flat panel such as a liquid crystal display device and
an organic EL device,. In particular, in the present embodi-
ment, the exposure apparatus 100 is a scanning type projec-
tion exposure apparatus that transfers (exposes) a pattern
formed on an original (mask) 3a onto a substrate 5a that is, for
example, a glass plate by a step-and-scan method. The expo-
sure apparatus 100 comprises an illumination optical system
1, an original stage 35, a projection optical system 4, a sub-
strate stage 5b, an alignment measuring unit 2, an off-axis
measuring unit 9, a reference plate 10, and a control unit 8.
Note that, in FIG. 1 and FIGS. 2A to 2E below, the Y-axis is
positioned in a scanning direction of the original 3¢ and the
substrate Sa during the exposure in a plane perpendicular to
the Z-axis that is in a vertical direction, and the X-axis is
positioned in a non-scanning direction that is orthogonal to
the Y-axis.

The illumination optical system 1 has a light source (not
illustrated) and irradiates slit-shaped illumination light (for
example, a circular arc shape) to the original 3a. The original
stage 35 holds the original 3a and is movable in a Y-axis
direction. The projection optical system 4 employs a mirror
projection method configured by a plurality of mirrors, and
projects an image of a pattern formed on the original 3a onto
the substrate 5a held by a substrate stage 56, for example, at
equal magnification. The substrate stage (substrate holding
unit) 55 is placed on a base 6, holds the substrate 5a and is
movable, for example, in six directions, specifically, the X, Y,
Z, wX, oy, and oz directions. During the exposure, the origi-
nal 3a held by the original stage 36 and the substrate 5a held
by the substrate stage 554 are arranged in a conjugate-posi-
tional relation (an object surface and an image surface of the
projection optical system 4) via the projection optical system
4.

The alignment measuring unit 2 is placed between the
illumination optical system 1 and the original 3a, and
includes at least two alignment scopes 2a and 24 (see FIG.
2C) that serve as first detectors. The exposure apparatus 100
performs alignment (positioning) between the shot area (sub-
strate 5a) and the original 3¢ when transferring the pattern of
the original 3a onto a plurality of the shot areas on the sub-
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strate 5a. Then the alignment measuring unit 2 simulta-
neously detects (observes) marks (substrate-side marks)
formed on the substrate 5a and a plurality of marks (original-
side marks) formed on the original 3a via the projection
optical system 4. Note that the substrate 5a may be exposed (a
resist on the substrate 5S¢ may be exposed) if light having a
same wavelength as a wavelength of light used upon exposing
the substrate 5a is used when performing measurement by the
alignment measuring unit 2. Accordingly, light having a
wavelength that differs from the wavelength of the light used
upon exposing the substrate 5a, which is non-exposure light,
is used for the light used when performing alignment mea-
surement.

The off-axis measuring unit 9 is located between the pro-
jection optical system 4 and the substrate Sa (substrate stage
5b), and includes at least two (six in the present embodiment)
off-axis scopes 9a to 9f (see FIG. 2D) that serve as second
detectors. The oft-axis measuring unit 9 detects (observes) a
plurality of marks provided in the shot area on the substrate 5a
not via the projection optical system 4. Note that light used
upon performing measurement by the off-axis measuring unit
9 is also light having the wavelength that differs from the
wavelength of the light used upon exposing the substrate 5a
(non-exposure light), in a manner similar to the measurement
by the alignment measuring unit 2.

The reference plate 10 is located at a position where the
off-axis measuring unit 9 is detectable, for example, at a
position facing the off-axis measuring unit 9, and includes a
plurality of reference marks 10a to 10f corresponding to each
position (location) of the off-axis scopes 9a to 9. That is, each
of'the off-axis scopes 9a to 9f of the off-axis measuring unit 9
can individually detect each of the reference marks 10a to 10/
that are provided to corresponding positions. Additionally,
the exposure apparatus 100 may include a driving unit (a first
driving unit, not illustrated) that allows moving the reference
plate 10 so that each of the reference marks 10a to 10f posi-
tions in the detection range when performing detection by
using each of the off-axis scopes 9a to 9f. Alternatively, the
exposure apparatus 100 may have a configuration in which
the reference plate 10 is moved with the movement of the
substrate stage 5b, for example, by integrally placing the
reference plate 10 with the substrate stage 55, without placing
a driving unit that is exclusively used for moving the refer-
ence plate 10.

The control unit 8 is configured of, for example, a com-
puter, connected to each component of the exposure appara-
tus 100 through lines, and can control the operation, the
adjustment and the like of each component in accord with a
program or the like. Note that the control unit 8§ may be
integrally configured with other parts of the exposure appa-
ratus 100 (in a shared housing), or may be separately config-
ured from other parts of the exposure apparatus 100 (in sepa-
rate housings).

The control unit 8 acquires shape information of the shot
area based on the position of each mark on the shot area
measured by the alignment measuring unit 2 and the position
of the mark on the shot area measured by the off-axis mea-
suring unit 9. Among them, the shape information of the shot
area includes, for example, a rotation component, a shift
component, a magnification component, or an orthogonality
component in the shot area. The shift component, the magni-
fication component, and the orthogonality component can
respectively include the X-direction component and the Y-di-
rection component. Here, the control unit 8 makes the off-axis
measuring unit 9 measure the reference plate 10, and thereby
can acquire first information relating to a distance (a first
distance, hereinafter referred to as “first base line”) between
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4

the off-axis scopes 9a to 9f (between the second detectors)
based on the measuring result. Additionally, the control unit 8
can acquire second information relating to a distance (second
distance, hereinafter referred to as “second base line”)
between the alignment measuring unit 2 (alignment scope)
and the off-axis measuring unit 9 (off-axis scope) in the
scanning plane (XY plane). The control unit 8 can measure
the position of each mark on the substrate 5a based on the first
information and the second information. The control unit 8
determines a moving speed of the original stage 356 and the
substrate stage 54 or a projection magnification of the pro-
jection optical system 4 based on the acquired shape infor-
mation so that the marks on the original 3@ and the marks on
the shot area are overlapped. Subsequently, the control unit 8
scans the original stage 35 and the substrate stage 55 at a
speed ratio in response to the projection magnification of the
projection optical system 4 while synchronizing each other in
the Y-axis direction. Hence, the pattern formed on the original
3a can be transferred onto the shot area on the substrate Sa.
The exposure apparatus 100 performs an exposure process in
one substrate 5a by sequentially repeating such scanning
exposure to each of the shot areas on the substrate 5a while
step-moving the substrate stage 55.

Here, a description will be given of the alignment in the
present embodiment while comparing this with the alignment
in the conventional exposure apparatus. First, a description
will be given of the marks respectively formed on the original
3a and the substrate 5a, and positional relationships of scopes
and the like that included in each of the measuring units 2 and
9 for detecting them. FIGS. 2A to 2E are schematic plane
diagrams for describing the respective positions of the marks
respectively formed on the original 3a and the substrate Sa,
each scope included in the alignment measuring unit 2 and the
off-axis measuring unit 9, and the marks on the reference
plate 10, and the correspondence relations between them.

FIG. 2A is a diagram illustrating the position of the marks
(alignment marks) formed on the substrate Sa. The substrate
5a includes a plurality of (in total, six areas having a 3x2
arrangement in the present embodiment) shot areas 51 to 56
on its surface. Additionally, a plurality of (in total, six marks
having a 2x3 arrangement in the present embodiment) marks
(forexample, marks 511 to 516 are formed in the shot area 51)
are formed around each of the shot areas 51 to 56.

FIG. 2B is a diagram illustrating the positions of the marks
(alignment mark) formed on the original 3a. The original 3a
includes an area 31, where a pattern to be transferred onto
each of the shot areas 51 to 56 on the substrate 5a is formed.
Subsequently, a plurality of (six in the present embodiment)
marks 311 to 316 is formed around the area 31, for example,
s0 as to respectively correspond to six marks arranged around
each of the shot areas 51 to 56.

FIG. 2C is a diagram illustrating the position of the align-
ment scopes of the alignment measuring unit 2. The align-
ment measuring unit 2 has, for example, two alignment
scopes 2a and 24 that are arranged along the X-direction.
Additionally, the example in FIG. 2C shows that the distance
(interval) between the alignment scope 2a and the alignment
scope 2b matches the interval in the X-direction of the sub-
strate-side marks in one shot area (for example, the distance
between the mark 511 and the mark 514).

FIG. 2D is a diagram illustrating the positions of the off-
axis scopes of the off-axis measuring unit 9. The off-axis
measuring unit 9 has, for example, six off-axis scopes 9a to 9
that are arranged along the X-direction. In this way, the num-
ber of the placed off-axis scopes is larger than that of the
placed alignment scopes of the alignment measuring unit 2.
Hence, the oft-axis measuring unit 9 (off-axis scopes 9a to 9¢)
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can simultaneously detect more substrate-side marks than
those simultaneously detected by the alignment measuring
unit 2 (alignment scopes 2a and 25). Note that in the descrip-
tion below, “simultaneously” is interpreted in a broad sense of
timing, which includes not only a completely identical tim-
ing, but also includes what is referred to as almost identical,
which has an allowable time interval.

FIG. 2E is a diagram illustrating the position of the refer-
ence marks formed on the reference plate 10. The reference
marks 10a to 10f are arranged at positions where they are
individually detectable at the off-axis scopes 9a to 9f, and
preferably, at the positions where all of them are simulta-
neously detectable.

Firstly, a description will be given of the alignment in the
conventional exposure apparatus, while the same compo-
nents as those corresponding to the exposure apparatus 100
according to the present embodiment is designed by the same
reference numerals The control unit 8 moves the substrate
stage 5b and the original stage 35, makes the alignment scope
2a detect the substrate-side mark 511 and the original-side
mark 311, and makes the alignment scope 256 detect the sub-
strate-side mark 514 and the original-side mark 314. That is,
the alignment measuring unit 2 respectively simultaneously
measures the position of the substrate-side mark 511 on the
substrate Sa and the position of the substrate-side mark 514
on the substrate 5a. Next, the control unit 8 moves the sub-
strate stage 55 and the original stage 35, makes the alignment
scope 2a detect the substrate-side mark 512 and original-side
mark 312, and makes the alignment scope 25 detect the sub-
strate-side mark 515 and the original-side mark 315. That is,
the alignment measuring unit 2 respectively simultaneously
measures the position of the substrate-side mark 512 on the
substrate Sa and the position of the substrate-side mark 515
on the substrate 5a. Subsequently, the control unit 8 further
moves the substrate stage 56 and the original stage 35, makes
the alignment scope 2a detect the substrate-side mark 513 and
the original-side mark 313, and makes the alignment scope 26
detect the substrate-side mark 516 and the original-side mark
316. That is, the alignment measuring unit 2 respectively
simultaneously measures the position of the substrate-side
mark 513 on the substrate 5a and the position of the substrate-
side mark 516 on the substrate Sa.

Hence, in the conventional exposure apparatus, the control
unit 8 step-moves the substrate stage 55 and the original stage
3b, makes the alignment measuring unit 2 measure the posi-
tion of all of the substrate-side marks arranged around the
shot area 51 on the substrate 5a, and then acquires the shape
information of the shot area 51. Other shot areas 52 to 56 are
also similarly measured. The position of all of the substrate-
side marks in each of the shot areas 51 to 56 on the substrate
5a are measured, and therefore the alignment of each of the
shot areas 51 to 56 and the area 31 on the original 3¢ with high
accuracy is allowed.

However, the alignment in the conventional exposure
apparatus may cause decreasing throughput because the posi-
tions of all of the substrate-side marks in each of the shot areas
51 to 56 is detected by using only the alignment measuring
unit 2. In contrast, there is a method in which only a portion of
the marks are measured and a correction amount in the shot
area is predicted based on a shot area of another substrate
where all of the substrate-side marks have been measured, to
improve throughput with maintaining alignment accuracy.
However, the substrate becomes thinner accompanying the
saving space in the flat panel in recent years, and the substrate
may be randomly deformed during the manufacturing pro-
cess of the flat panel when the substrate is made thinner. In
this case, there is a high probability that the above method
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may cause an unallowable error in the correction amount of
the shot area by the reduced number of the substrate-side
marks to be measured. Accordingly, in the present embodi-
ment, the alignment before exposure is carried out by using
the alignment measuring unit 2 and the off-axis measuring
unit 9, as shown below.

Next, a description will be given of the alignment in the
exposure apparatus according to the present embodiment.
FIG. 3 is a flowchart illustrating a flow of the alignment in the
present embodiment. First, the control unit 8 moves the sub-
strate stage 5b and makes each of the off-axis scopes 9a to 9f
of'the off-axis measuring unit 9 simultaneously detect each of
the reference marks 10a to 10f'on the reference plate 10 (step
S101). At this time, the off-axis measuring unit 9 measures
the position of the off-axis scopes 9a to 9f corresponding to
the reference marks 10a to 10f. The control unit 8 acquires the
first information based on the measuring result (first detection
result), and uses it as a correction value (first correction value)
for correcting the first base line.

Next, the control unit 8 moves the substrate stage 54 and
the original stage 35, and makes each of the alignment scopes
2a and 24 detect a pair of (two) the substrate-side marks lined
along the X-axis direction in the one shot area, among the
substrate-side marks (step S102). For example, the control
unit 8 selects a pair of two substrate-side marks 521 and 524
that are present in a first line in the shot area 52. Subsequently,
the control unit 8 makes the alignment scope 2a detect the
substrate-side mark 521 and the original-side mark 311, and
makes the alignment scope 24 detect the substrate-side mark
524 and the original-side mark 314. That is, the alignment
measuring unit 2 respectively simultaneously measures the
position of the substrate-side mark 521 on the substrate 5a
and the position of the substrate-side mark 524 on the sub-
strate Sa.

Next, the control unit 8 moves the substrate stage 54 and
makes each of the off-axis scopes 9a to 9f respectively simul-
taneously detect the six substrate-side marks 511, 514, 521,
524, 531, and 534 that are present in the first line on the
substrate 5a (step S103). That is, the off-axis measuring unit
9 measures the position of each of the substrate-side marks
511, 514, 521, 524, 531, and 534. Additionally, the control
unit 8 acquires the difference (the second information)
between the measuring result of the substrate-side marks 521
and 524 acquired in step S102 and the measuring result of the
substrate-side marks 521 and 524 acquired in step S103. Note
that these measuring results are referred to as a second detec-
tion result. Then, the control unit 8 uses the difference as a
correction value (second correction value) for correcting the
second base line.

Next, the control unit 8 determines whether or not all the
lines of the substrate-side marks on the substrate 5a are
detected (step S104). Here, when the control unit 8 deter-
mines that the detection has not finished for all of the lines
(NO), the process returns to step S103, and the control unit 8
makes each of the off-axis scopes 9a to 9f detect the substrate-
side marks that are present in the subsequent line (for
example, second line if the process forwards in the above
flow). Specifically, the control unit 8 moves the substrate
stage 56 and makes each of the off-axis scopes 9a to 9f
respectively simultaneously detect each of the substrate-side
marks 512,515,522, 525, 532, and 535 that are present in the
second line on the substrate Sa. That is, the off-axis measur-
ing unit 9 measures the position of each of the substrate-side
marks 512, 515, 522, 525, 532, and 535. The control unit 8
repeats the measurements up to the measurements of the
position of the substrate-side marks 543, 546, 553, 556, 563,
and 566 that are present in a final line (the sixth line), and
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when the control unit 8 determines the detection for all of the
lines has been finished in step S104 (YES), the process is
forwarded to step S105.

Subsequently, the control unit 8 corrects the first base line
(as a reference) by using the first correction value acquired in
step S101, as necessary, and corrects the second base line (as
a reference) by using the second correction value acquired in
step S103 (step S105). Here, “as necessary” corresponds to a
case, for example, where the error of the respective base lines
exceeds the allowable range that is previously regulated.
Then, the control unit 8 specifies the position of each of the
substrate-side marks on the substrate 5a by using the cor-
rected first base line or the corrected second base line, and
performs alignment of the original 3a and the substrate 5a
based on the position.

Hence, the alignment in the exposure apparatus 100 allows
reducing the error of the measuring position between each of
the substrate-side marks and acquiring the shape information
of'each of the shot areas 51 to 56 with high accuracy. Particu-
larly in the present embodiment, the correction is performed
notonly for the second base line that is a distance between the
alignment measuring unit 2 and the off-axis measuring unit 9
in the scanning plane, but also for the first base line that is a
distance between the plurality of off-axis scopes 9a to 9f, so
that the efficiency is remarkable. Moreover, the alignment in
the exposure apparatus 100 allows measuring the position of
all of the marks on the substrate 5a in fewer processes than the
alignment in the conventional exposure apparatus, and there-
fore it is advantageous in improving throughput of the whole
exposure apparatus 100.

As described above, according to the present embodiment,
an exposure apparatus advantageous in terms of improving
alignment accuracy and throughput is provided.

Note that six off-axis scopes included in the off-axis mea-
suring unit 9 are employed in the present embodiment, but
alternatively, for example, four or eight off-axis scopes may
be employed. Additionally, using all of the off-axis scopes is
not necessarily required, and, for example, when performing
exposure to six shot areas in the exposure apparatus provided
with eight off-axis scopes, only six off-axis scopes corre-
sponding to them need to be used. Additionally, the number of
the reference marks formed on the reference plate 10 is not
necessarily identical to the number of the off-axis scopes. For
example, when the position of the off-axis scope is variable,
more reference marks than the off-axis scopes may be pro-
vided on the reference plate 10 in accordance with the pre-
sumed position of the off-axis scope.

Moreover, in the present embodiment, the measurement
for the base line correction is performed on each of the sub-
strates 5a, in other words, one measurement per one substrate
5a is performed, but the interval of the measurement is not
limited to this, and the measuring frequency and the number
of times may increase or decrease as necessary. Additionally,
the measurement by using the alignment measuring unit 2 is
not limited to once, but it may be possible to perform the
measurement at a plurality of times or to perform the mea-
surement of a plurality of marks as necessary.

Moreover, in the present embodiment, the substrate stage
5b is moved and the off-axis measuring unit 9 measures the
reference plate 10 when performing alignment, but the sub-
strate stage 5b is not necessarily moved at this time. For
example, the reference plate 10 may be located beforehand so
that the reference plate 10 moves to a position that is detect-
able by the off-axis measuring unit 9 when the substrate stage
556 moves to the position where the substrate 5a is exchanged.
Accordingly, it is possible to carry out the measurement of the
reference plate 10 by using the off-axis measuring unit 9

10

15

20

25

30

35

40

45

50

55

60

65

8

during exchanging the substrate 5a, to suppress an increase of
cycle time due to the moving time of the substrate stage 56 for
the measurement of the reference plate 10 and the measuring
time, and to further improve throughput.

Moreover, in the present embodiment, the alignment mea-
suring unit 2 measures the marks, and then the off-axis mea-
suring unit 9 measures the identical mark to acquire the sec-
ond correction value for correcting the second base line when
performing alignment, but the order of the measurement is
not limited to this. For example, the off-axis scopes 9a to 9f°
may measure the marks 511, 514, 521, 524, 531, and 534
simultaneously with the measurement of the marks 522 and
525 by using the alignment scopes 2a and 2b. Such simulta-
neous measurement allows further improvement of through-
put. However, in this case, the distance between the alignment
measuring unit 2 and the off-axis measuring unit 9 needs to be
equal to the distance between the marks 522 and 525 and the
marks 521 and 524.

Additionally, a driving unit (second driving unit) may be
provided in the off-axis measuring unit 9 and a relative posi-
tion to the projection optical system 4 may be variable. For
example, providing the driving unit in the off-axis measuring
unit 9 that is movable in the Y-direction allows adjusting the
distance between the alignment measuring unit 2 and the
off-axis measuring unit 9, that is, the second base line.
Accordingly, the throughput can be further improved because
the simultaneous measurement of the alignment measuring
unit 2 and the off-axis measuring unit 9 is allowed after
adjusting the distance if the shot layout or the mark position
changes with reference to the Y-direction. Note that the sec-
ond driving unit may be provided in the alignment measuring
unit 2 rather than the off-axis measuring unit 9 in order to
acquire a similar effect.

Moreover, for example, providing a driving unit (third
driving unit) at each of the off-axis scopes 9a to 97, which is
movable in the X-direction, allows adjusting the distance
between the oft-axis scopes 9a to 97, that is, the first base line.
Accordingly, the throughput can be further improved if the
shot layout or the mark location changes with reference to the
X-direction. However, in this case, it is preferable to prepare
beforehand the reference marks corresponding to the pre-
sumed position (interval) of the oft-axis scopes 9a to 9. This
is because the measurement of the distance between the off-
axis scopes 9a to 9f at each position becomes possible, and the
correction of the first base line at each position becomes
possible.

(Article Manufacturing Method)

A method of manufacturing an article according to the
embodiment of the present invention is suitable for manufac-
turing an article such as a micro device (for example, a semi-
conductor device) or an element having a microstructure. The
method of manufacturing an article according to the embodi-
ment can include a step of forming a latent image pattern on
a photosensitive agent applied to a substrate by using the
above-described scanning exposure apparatus (a step of
exposing a substrate), and a step of developing the substrate
on which the latent image pattern is formed. Further, this
manufacturing method includes other well-known steps (for
example, oxidization, deposition, vapor deposition, doping,
planarization, etching, resist removal, dicing, bonding, pack-
aging and the like). The method of manufacturing an article
according to the embodiment is superior to a conventional
method in at least one of the performance, quality, productiv-
ity, and production cost of the article.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
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embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2014-076448 filed Apr. 2, 2014, which is
hereby incorporated by reference herein in its entirety.

What is claimed is:

1. An exposure apparatus for transferring an image of a
pattern formed on an original onto a substrate via a projection
optical system, the exposure apparatus comprising:

a first detector that detects at least one of substrate-side
marks formed on the substrate via an original-side mark
formed onthe original and the projection optical system;

aplurality of second detectors that are arranged in a larger
number than the first detector and respectively detect the
substrate-side marks not via the projection optical sys-
tem;

areference plate that has a plurality of reference marks; and

a control unit configured to control alignment of the origi-
nal and the substrate,

wherein the control unit is configured to obtain a first
detection result of the plurality of reference marks by the
second detectors and to obtain first information relating
to a first distance between the plurality of second detec-
tors based on the first detection result,

wherein the control unit is configured to obtain a second
detection result of the identical substrate-side mark by
the first detector and the second detectors and to obtain
second information relating to a second distance
between the first detector and the second detectors based
on the second detection result, and

wherein the control unit is configured to control the align-
ment of the original and the substrate based on the first
information and the second information.

2. The exposure apparatus according to claim 1, wherein
the first detector detects the substrate-side marks in accor-
dance with timing for detecting by the second detectors.

3. The exposure apparatus according to claim 1, compris-
ing a substrate holder that holds the substrate and is movable,

wherein the reference plate is disposed so as to move to a
position that is detectable by the second detectors if the
substrate holder is moved to a position where the sub-
strate is exchanged.

4. The exposure apparatus according to claim 1, wherein
the control unit is configured to correct the first distance if the
plurality of second detectors detect the substrate-side marks,
on the basis of the first information.

5. The exposure apparatus according to claim 1, wherein
the control unit is configured to correct the second distance if
the plurality of second detectors detect the substrate-side
marks, on the basis of the second information.

6. The exposure apparatus according to claim 4, wherein
the control unit is configured to specify the position of the
substrate-side marks on the substrate by using the corrected
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first distance, and to perform the alignment of the original and
the substrate based on the position.

7. The exposure apparatus according to claim 5, wherein
the control unit is configured to specify the position of the
substrate-side marks on the substrate by using the corrected
second distance, and to perform the alignment of the original
and the substrate based on the position.

8. The exposure apparatus according to claim 1, compris-
ing a second driving unit that moves the first detector or the
second detectors so that the distance between the first detector
and the second detectors in a scanning direction of the sub-
strate or the original during exposure is variable.

9. The exposure apparatus according to claim 1, compris-
ing a third driving unit that varies the distance between the
second detectors.

10. The exposure apparatus according to claim 1, wherein
the first detector or the second detectors detect the substrate-
side marks by using light having a wavelength that differs
from a wavelength of light used during the exposure.

11. A method of manufacturing an article, the method
comprising steps of:

exposing a substrate using an exposure apparatus for trans-

ferring an image of a pattern formed on an original onto
the substrate via a projection optical system; and
developing the exposed substrate

wherein the exposure apparatus comprises:

a first detector that detects at least one of substrate-side

marks formed on the substrate via an original-side mark
formed onthe original and the projection optical system;

a plurality of second detectors that are arranged in a larger
number than the first detector and respectively detect the
substrate-side marks not via the projection optical sys-
tem;

areference plate that has a plurality of reference marks; and

a control unit configured to control alignment of the origi-

nal and the substrate,

wherein the control unit is configured to obtain a first
detection result of the plurality of reference marks by
the second detectors and to obtain first information
relating to a first distance between the plurality of
second detectors based on the first detection result,

wherein the control unit is configured to obtain a second
detection result of the identical substrate-side mark by
the first detector and the second detectors and to
obtain second information relating to a second dis-
tance between the first detector and the second detec-
tors based on the second detection result, and

wherein the control unit is configured to control the
alignment of the original and the substrate based on
the first information and the second information.

#* #* #* #* #*



